The effect of standardized chest physiotherapy and hyperinflation on the blood gases of neonates being treated for tetanus by intermittent positive pressure respiration was investigated. It was found that physiotherapy and suction to remove secretions did not improve oxygen pressures but produced a small drop in both Paco., and Pao2. This was associated with a widening of the alveolar to arterial gradient for oxygen. During the hour that followed, blood oxygen pressure slowly returned to pre-physiotherapy levels. This could be hastened by hyperinflation (increasing the pressure delivered to the baby) after physiotherapy. Although hyperinflation restored blood oxygen pressures, it did so by a mechanism which left alveolar to arterial oxygen gradients unchanged. Moderate hyperinflation without physiotherapy produced small increases in blood oxygen tension, but also failed to restore completely arterial oxygen pressures of neonates on I.P.P.R. The results are discussed.
I.P.P.R. The results are discussed.
In common with others (Nealon, Prorok, Gosin, Fraimow, 1966; Gold and Helrich, 1967; Ben- dixen, Hedley-Whyte, and Laver, 1963) , we have found a wide alveolar to arterial oxygen pressure gradient (PAao2) and failure to maintain normal arterial oxygenation among patients ibeing ventilated on air by intermittent positive pressure respiration (I.P.P.R.) (Holloway, Desai, Kelly, Thambiran, Strydom, and Adams, 1966) . This is not an insurmountable difficulty since oxygen enrichment of inspired air can elevate oxygen tension and prevent hypoxaemia, but it is preferable to find the cause for low arterial oxygen and to remove it. This turns out to be a formidable task, since I.P.P.R. and the complications which attend it (such as infection) disturb practically every aspect of lung function. It could be said that whether the patient can oxygenate his blood or not resolves itself into a matter of how efficient he is at adapting to the many disturbances.
Even though this is true and it is likely that not one but many causes exist, it should ibe possible to tackle the problem piecermeal. For example, reversing atelectasis would eliminate one cause for hypoxaemia. Blood entering areas of lung not being ventilated constitutes a shunt across the lung Requests for reprints to be addressed to R. Holloway and contributes to the increased PAao2. The same would apply to areas of lung receiving gas but not enough for the blood flow. It imight be possible to improve oxygenation by opening up areas of atelectasis or removing secretions which bilock bronchi.
One method of doing this is by means of chest physiotherapy. But while this is advocated for the removal of secretions, we could find no evidence that it improves oxygenation, and so we became interested in the effects of standardized chest physiotherapy on the arterial oxygen pressures of neonates being (treated for tetanus by I.P.P.R.
Tlhe results of a preliminary investigation (Holloway et al., 1966) showed that instead of a rise in pressure there was 'actually a fall, though in the hour that followed this slowly corrected itself until the Pao2 had returned to its control value.
Since then we have repeated the work and also investigated the effect of hyperventilation combined with physiotherapy on the abnormally low Pao2. Hyperinflation has taken our interest since devices are available which automatically hyper-pressures reverse short-standing hypoxia in patients on I.P.P.R. (Bendixen, Bultwinkel, HedleyWhyte, and Laver, 1964) . It is thought that I.P.P.R. might cause hypoxaemia by preventing the occasional sigh.
MATERIAL
Fifty-one neonates in the first 20 days of life were studied. They were divided into three groups.
A group of 14 spontaneously breathing babies from the hospital obstetric unit who had no known abnormality (group A) were selected to match the patients with respect to age. Using the same technique as for the patients, their resting Pao2 and Paco2 were measured. These levels served as normal standards.
Out of a second group of 22 patients (group B) being treated for tetanus neonatorum by I.P.P.R. 10 received physiotherapy followed by an increase in inflation pressure of 10 cm. H20 for 10 minutes. The other 12 received physiotherapy but no increase in inflation pressure. The decision whether or not to hyperinflate was randomized, and the technologist analysing for blood gases did not know whether an increase in pressure had been brought about.
A third group of 15 neonates on I.P.P.R. (group C) were randomly allocated to two groups. Eight received increase in pressure, while the remainder received no increase. The same double blind procedure was used, but in this case none of the babies received physiotherapy and hyperinflation was continued for 30 minutes.
METHODS
The patients were all curarized and given I.P.P.R. via a cuffed tracheostomy tube which inflated only during the positive phase of the respirator (Holloway and Thambiran, 1967 Arterialized blood was obtained from the scalp of the babies using the method of arterialization described by Saling (1964) . In our hands this gives acceptable correlation between arterial and arterialized blood (Desai, Holloway, Thambiran, and Wesley, 1967) . Duplicate samples were obtained from all subjects. The pH and Pco2 were measured using a micro-,technique (Siggaard Andersen, Engel, J0rgen-sen, and Astrup, 1960) . Pao2 was measured with a modification of the Clarke electrode which allows the measurement of microsamples (Desai, Holloway, and Thambiran, 1968) .
The pH electrode was calibrated using precision buffers (pH 7-381 and 6 840) at 38°C. The Po2 electrode was calibrated using warm (38°C. ±0-1 C.) water in equilibrium with air (Po2=20-9 x PB-47 mm. Hg) and a solution whose Po2 was taken to be: zero (sodium sulphite in 004% Borax). Calibrations were made at frequent intervals during the measurement of Po2 and pH. At less frequent intervals the Po2 electrode was standardized with blood brought into equilibrium with gases of known composition. Used in this way, the electrode error was found to be 4 mm. Hg (S.E. 19 mm. Hg). The gas mixtures used for calibration were prepared in this unit (Brachi, Christopher, Mack, and Holloway, 1967) and analysed by means of a Lloyd Haldane apparatus which in our hands gives the total analysable gas of room air as 20 93. S.D. 0 05.
PROCEDURE
Group B A control sample was obtained and, while this was being analysed, a physiotherapist performed standardized chest physiotherapy. Nine patient positions were used-supine. left side lying, and right side lying; in each, the cot was flat for the first part, head elevated for the second part, and feet elevated for the last. Physiotherapy took the form of clapping, compression vibration, and the removal of secretions by suction until the lung underlying the operator's hand was considered to be clear. The criteria upon which the clearness or otherwise of the lung were based were the absence of rhonchi to both auscultation and palpation. adequacy of chest movement, and the sounds of air entry. For suction No. 3 French gauge catheters with side openings were used. They were introduced 7-8 cm. into the tracheostomy tube and, used in this way, they never entered a bronchus whose diameter was less than twice their own. This was considered necessary as a precaution against collapse of lung (Rosen and Hillard, 1962) .
Immediately after physiotherapy, a second sample of blood was taken. In patients in group B who received hyperinflation, this was followed by a third sample at the end of 10 minutes' hyperinflation. The controls observed for the behaviour of the blood gases after physiotherapy were left undisturbed between the second and third samples. A fourth sample was taken from all patients of group B after a final period of one hour during which the respirators were reset to control values.
Group C A control sample was taken and, following this, some received hyperinflation while others were left undisturbed. At the end of 30 minutes blood was taken from both groups. (Figure) after chest physiotherapy. This small drop was significant (P<0-05).
In the first 10 minutes following physiotherapy there was a slow increase in mean Pao2 of 1P7 mm. Hg, S.D. 1-25 -mm. Hg, which continued so that by the end of an hour the deficit had been made up and there was no significant difference between the control levels and the final level.
This return to resting value could 'be accelerated by increasing inflation pressures by 10 cm. H20 in the 10-minute period immediately following physiotherapy. Hyperinflation produced an increase in mean Pao2 of 6-4 mm. Hg, S.D. 3 1 (N = 14), over the 10-minute peTiod, which is significantly greater than the spontaneously occurring increase (P<0 001) over the same period.
Even though the mean rise due to hyperinflation was greater than the mean fall due to physiotherapy, the difference was very small and the Pao2 of the hyperinflated babies did not differ significantly from control.
Hyperinflation also produced a fall in mean Paco2 from 26-6 mm. Hg, S.D. 5 6 mm. Hg (N= 14) to 19-2 mm. Hg, S.D. 8-6 mm. Hg (N=14). This significant (P<002) fall in Paco2 indicates that alveolar ventilation was increased as a result of increasing inflation pressure.
Alveolar to arterial oxygen gradient By means of a rearrangement of the ideal alveolar gas equation (Rahn and Fenn, 1955) Under these conditions, the mean change in PAao2 was an increase of 6 2 mm. Hg, S.D. 3 96 mm. Hg (N= 34) during physiotherapy, which was significantly different from zero (P<0001), but changes during the 10-minute period which followed were 09 mm. Hg, S.D. 6 6 mm. Hg (N= 14) when inflation pressures were increased and -1-3 mm. Hg, S.D. 3 7 mm. Hg (N=20) in the group who were left undisturbed. Neither of these is significant, indicating that the increase in gradient produced during physiotherapy was not restored by hyperinflation nor did it correct spontaneously in the first 10 minutes after physiotherapy.
Arterial carbon dioxide pressure The Paco2 of the neonates was 28 3 mm. Hg, S.D. 6 9 mm. Hg (N 34) before physiotherapy, and this dropped to 25 7 mm. Hg, S.D. 5 2 mm. Hg (N=34) after the procedure. The mean of the differences was significant (P<0001).
As While alveolar oxygen pressure was rising, arterial saturation was falling, and, at the same time, there was an increase in arterial pH. This latter change exaggerated the effect of the other two, since the oxygen pressure of blood with a given saturation is lowered by increasing the pH (Bohr effect).
Following physiotherapy, the patients were divided into two groups. Twenty babies were followed for the natural course of blood changes during the 10-minute period following physiotherapy.
There was no significant change in blood pH of these babies, but mean saturation increased by 0-3%, S.D. 0-28 (P<0-001) and there was a small but significant increase in mean Pao2 of 1-7 mm. Hg, S.D. 1-22 (P<0O001).
The remainder of the babies had their inflation pressure increased by 10 cm. H20, and in them the changes 'were greater. Saturation went up by 12% and Pao2 by 6-4 mm. Hg. These changes were also significant. Even the 'mean pH changes bzcame significant, an alteration in the mean value of +0O069 occurring (P<0001) as mean Paco2 dropped by 7*35 mm. Hg., S.D. 4-83 (P<0 001).
What actually occurred to bring about these changes in the lungs of the babies during physiotherapy and suction remains obscure. Alterations in Pco2 and Po2 influence the pulmonary vascular resistance and the distribution of gas and blood to the alveoli (Comroe, 1966; Rudolph and Yuan, 1966) . Alterations in Pco2 affect cardiac output (Prys-Roberts, Kelman, Greenbaum, and Robinson, 1967; Tomlin, 1966) . Pressure in pulmonary vessels related to those obtaining in the alveoli play a part in directing blood through the lung (West, 1967) , and work in this unit indicates t'hat lowering the Paco2 in children with airways obstruction is often associated with a fall of oxygen pressure in their arterial blood. We consider a drop in cardiac output to be the most likely cause for the observed changes. As shown by others (Prys-Roberts et al., 1967) , the cardiac output is linearly related to the Paco2. If the cardiac output of our patients dropped while the shunt across their lungs remained the same, the admixture of the same amount of venous blood (but with a lower oxygen content) could be expected to produce the observed changes. Work along lines similar to those reported in this paper is continuing. This indicates that it is possible to reverse the direction of the oxygen changes-that is, to produce a rise after physiotherapy-by using a rebreathing technique which leaves the patient with a slightly higher Paco2 after the procedure. We have taken this to be further evidence in favour of changes in Paco2 being the deciding factor.
Only more work will give the final answers as to whether physiotherapy and suction produces the changes it does via one of these mechanisms or iby some other such as, for example, alveolar collapse due to the suction. In the meanwhile it seems wise to regard the procedure, or perhaps the associated suction, as producing hyipoxaemia.
There seems to be general agreement that it also helps to rid the patient of unwanted secretions and that in this way it prevents lung infection or is halpful in treating this condition for the same reason. Although impressions gained in the Durban respiratory unit suggest that this is true, we also have the impression that some patients succumb during vigorous and over-energetic physiotherapy, especially in the hands of inexperienced physiotherapists who may not be expert at gauging patient distress.
Our current view, based upon this study, is that physiotherapy has a side-effect in the form of hypoxaemia. We therefore feel that oxygen enrichment of inspired air should ibe used during physiotherapy to the chest of very ill patients. Since all the respirator patients in this study had a Pao2 below normal, we also believe, as do others (Gold and HeIrich, 1967; Nunn, Bergman, and Coleman, 1965) , that th-e inspired air of all respirator patients should be enriched with oxygen.
The question whether automatic sighing devices are of value must also remain undecided.
Whether intermittent large tidal volumes are a practical means of restoring arterial oxygen pressures in long-term I.P.P.R. remains to 'be proved. There is little room for doubt that relatively high pressures (in the order of 40 cm. H20) can increase Pao2 in patients receiving short-term I.P.P.R. (Nunn et al., 1965; Bendixen et al., 1964 ), but we have encoun,tered practical difficulties in applying this to babies and in particular to those on I.P.P.R. for periods of days. Although it is difficult to prove, it is our impression that, while these pressures may 'be safe during the first few days of I.P.P.R., their use during the days that follow is sometimes associated with pneumothorax. Presumably this is due to the development of areas of infection or some such process which -weakens the resistance of their lungs to rupture. It was for this reason that we chose to study slightly lower pressures on recently induced hypoxia (such as that occurring during chest physiotherapy) as well as pressures in the same order of magnitude on such patients whose underlying abnormality had operated for longer.
The mean pressures to which the babies were subjected was 33 cm. H20 after the increase had been brought ajbout.
As has ibeen shown above, this quickly restored the small decrease in arterial oxygen pressure which physiotherapy had brought about. However, it failed to return their Pao2 to normal. This seemed to indicate that, while hyperinflation imay be of value in reversing reGently induced hypoxia, it cannot reverse long-standing changes. This is borne out by,two further pieces of evidence. There was a disappointing increase in the Pao2 of the patients in group C who received hyperinflation for 30 minutes. At the end of this time they were little better off than when they started. The maximum increase in Pao2 was 8 mm. Hg in a baby whose Pao2 breathing air was 58 mm. Hg. The second piece of evidence against hyperinflation being of value in long-standing V/Q abnormalities is the finding that it reversed hypoxia, not by restoring the ventilation perfusion point but by hyperventilation which induced a new change whose direction was opposite to that which caused the deterioration.
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